S
everal studies have been performed analyzing reoperation rates for surgeries on the degenerative cervical spine. [1] [2] [3] [4] However, because of the low incidence of reoperation, many of these are likely underpowered to detect significant differences between types of procedures. National population-based studies have evolved to overcome this challenge of insufficient sample size. National databases have the benefits of including large numbers of patients that can be followed longitudinally through their unique resident registration numbers, and they can contain a wide variety of data points including reoperation events. They are also less subject to selection or nonresponse bias than case-series studies.
Population-based studies have been performed about reoperation rates after surgeries for the degenerative lumbar spine [5] [6] [7] [8] [9] and for the degenerative cervical spine. [9] [10] [11] [12] [13] However, to the best of our knowledge none have compared reoperation rates for common surgical procedures performed on the degenerative cervical spine such as anterior cervical fusion after discectomy or corpectomy, posterior laminectomy with fusion, and laminoplasty.
The purpose of this study was to evaluate reoperation rates of cervical spine surgery for cervical degenerative conditions utilizing a national population database.
MATERIAL AND METHODS
This study was approved by the institutional review board (IBR) at the institution of the corresponding author (IRB number: 2015-I023).
Data Source
The Korean Health Insurance Review and Assessment Service (HIRA) national database is a national, prospectively collected database of roughly 51 million people enrolled in the Republic of Korea. It contains all inpatient and outpatient data reported by diagnosis and procedure codes. The diagnosis codes are standardized according to the Korean Classification of Disease, 5th version, which follows the International Classification of Disease, 10th edition (ICD-10).
Study Population Selection and Design
We searched the HIRA national database to identify patients who had a primary diagnosis of degenerative cervical spondylotic radiculopathy (diagnosis codes: M4720, M4722, M4723, M4729, M501, M502, M503, M508, M519, M5410, M5411, M5412, M5413, and M5419) or cervical spondylotic myelopathy (diagnosis codes: G951-G959, G992, M4710-M4719, M4800-M4803, M4809, M500, M510, M9951, and M9971). These subjects were selected if they had any of the following primary procedures between January 1, 2009 and June 30, 2014: (i) discectomy (procedure code: N1491) with anterior fusion (procedure code: N2463), (ii) corpectomy (procedure code: N0451), (iii) laminectomy (procedure code: N1497) with/without posterior fusion (procedure code: N2469), or (iv) laminoplasty (procedure code: N2491, N2492). The patients' resident registration numbers were encrypted for privacy.
We identified 13,191 patients who underwent cervical spine surgery in 2009 from the cohort of patients (Figure 1 ). Among them, we excluded patients who had died during the follow-up period (causes of death were not recorded) or if they were younger than 20-years old. Patients were also excluded if they had history of cervical surgery within the preceding 4 years (2005-2008), had undergone multiple of the above procedures, or those who had surgeries that were not specified. In addition, patients were excluded from the study if they had concomitant disease of cervical spine (including trauma, tumor, infectious spondylitis, inflammatory spondylitis of gout, rheumatoid arthritis, ankylosing spondylitis, ossification of posterior longitudinal ligament (OPLL), congenital anomaly of Arnold Chiari malformation, Klippel-Feil syndrome, and unspecified diagnosis). The final study population was 9071 patients (Figure 1 ). All patients in the final study population whose operations occurred in 2009 were evaluated for a minimum of 4.5 years, until June 30, 2014. All patients in the current study had surgery in 2009 and were followed for at least 4.5 years through June 30, 2014 to account for rates of reoperation in this time period.
Subjects were separated into three groups based on the respective procedure codes: discectomy or corpectomy with anterior fusion (Group 1), laminectomy with posterior fusion (Group 2), or laminoplasty (Group 3). Our goal was to determine changes in the reoperation rate over time and to compare the reoperation rates of different surgical procedures by adjusting for confounding variables.
Surgical Indications
Nearly all hospitals in Korea follow the Korean National Health Insurance Corporation requirements for reimbursement because hospitals could not get the reimbursement if they do not follow its requirements. 6 For cervical radiculopathy, these regulations require intractable pain despite nonsurgical treatment for at least 6 weeks or associated neurologic deficit. The regulations for cervical myelopathy are neurologic deficits attributed to this diagnosis. Therefore, these Korean National Health Insurance Corporation requirements were considered as the surgical indications for patients in this cohort.
Confounding Factors
Age, sex, presence of diabetes, osteoporosis, number of operated cervical disc levels, hospital types, and medical comorbidities were considered potential confounding factors in our analysis. Comorbidities were assessed according to the '' International Classification of Disease, Ninth edition, Clinical Modification (ICD-9-CM) and ICD-10 coding algorithms for Charlson Comorbidities'' proposed by Quan et al.
14 If there were more than four distinct hospitalization primary or secondary diagnoses in 2009, the patients were regarded as having comorbidities. 6, 7 Diabetes is a known risk factor for reoperation that increases complication rates and inhibits functional recovery. 6, [15] [16] [17] In Korea, hospital types are determined by law. 6 General hospitals have at least seven departments, such as internal medicine, general surgery, obstetrics and gynecology, pediatrics, diagnostic radiology, anesthesiology, pathology, and laboratory medicine. They also must have at least one board-certified doctor in each department with more than 99 beds. Tertiary-referral hospitals are distinguished from general hospitals by having at least 20 departments. In addition to the characteristics of general hospitals, tertiary-referral hospitals also have residency training programs, at least five operating rooms, and a variety of diagnostic tools of computed tomography, magnetic resonance imaging, electromyography, angiography, gamma camera radiography, and Holter cardiac monitoring. Hospitals are healthcare systems that do not have essential departments, or have between 30 and 99 beds. Private clinics have fewer than 30 beds.
Statistical Analysis
A time to event (reoperation) survival analysis was performed. The primary endpoint was any cervical reoperation during the follow-up period. Reoperations were identified by the presence of any of the aforementioned procedure codes recorded after the index procedure code (N1491, N0451, N2463, N1497, N2469, N2491, and N2492). Therefore, reoperation included cervical operations performed at both the original or different levels. We have excluded cases that had more than two reoperations within the relatively short follow-up period of 4.5 years; we did not feel that these represented the natural history after cervical surgery and may likely have been because of other technical considerations. For the statistical analysis and technical convenience, we used January 1, 2009, which is the first date in our data collection period, and June 30, 2014, which is the last date.
The reoperation rates were analyzed with two different time intervals: <90 postoperative days (early period) and greater than or equal to 90 postoperative days (late period) to help differentiate between likely etiologies for reoperations. 6, 18 Baseline characteristics of the subjects were compared using x 2 test or ANOVA. Statistical analysis for comparison of surgical procedures was performed using Cox proportional hazards regression modeling. We analyzed data with SAS software (ver.6.1; SAS Institute, Inc., Cary, NC). The statistical significance level was set at P < 0.05.
RESULTS
Discectomy or corpectomy with anterior fusion was the most common procedure in our cohort (89.77%, Table 1 ). Mean patient age was 52.28 AE 11.12 years: 37% were female (Table  1) . Age, sex, presence of diabetes, comorbidity, number of operated cervical disc levels, and hospital types were different between the three groups (P < 0.0001, Table 1 ). Laminectomy with posterior fusion or laminoplasty at one cervical disc level was very rare compared with cervical discectomy with anterior fusion at one cervical disc level (Table 1) . They were performed in the limited patients with cervical pathology at C2-C3 or the patients with previous surgeries of anterior cervical soft tissue including thyroid gland. Comorbidities were found in 30.29% of the study population. Liver disease was the most common comorbidity (15.73%), followed by chronic pulmonary disease (7.34%), and myocardial infarction (4.98%).
In the entire follow-up period, 3.31% of the study population underwent reoperations ( Table 2 ). The cumulative reoperation rate was 1.03% at 3 months, 1.55% at 1 year, and 3.08% at 4 years ( Table 2 ). The cumulative incidence of reoperation was highest after laminectomy with posterior fusion (12.48%), followed by laminoplasty (7.93%), and discectomy or corpectomy with anterior fusion (2.48%) ( Table 3) .
Reoperations in the Entire Follow-up Period
The unadjusted reoperation rate was significantly higher after laminoplasty or laminectomy with posterior fusion than after discectomy or corpectomy with anterior fusion (Table 4) . Sex, presence of diabetes, associated comorbidities, and hospital types were detected to be significant confounding factors by Cox regression analysis (Table 4 ). After controlling for these confounders, the adjusted reoperation rates were still significantly higher after laminoplasty or laminectomy with posterior fusion than after discectomy or corpectomy with anterior fusion (laminectomy with posterior fusion: P < 0.0001, hazard ratio ¼ 4.704, 95% confidence interval, CI 3.547-6.239; laminoplasty: P < 0.0001, hazard ratio ¼ 2.396, 95% CI 1.622-3.540, Table 5, Figure 2 ). Sex, presence of diabetes, associated comorbidities, and hospital types were all found to significantly affect risk for reoperation (female sex: P < 0.0001, hazard ratio ¼ 0.456, 95% CI 0.343-0.605; diabetes: P < 0.0001, hazard ratio ¼ 1.756, 95% CI 1.366-2.258; comorbidities: P ¼ 0.0025, hazard ratio ¼ 1.435, 95% CI 1.136-1.813; Hospital: P ¼ 0.0352, hazard ratio ¼ 0.728, 95% CI 0.542-0.978; Clinic: P ¼ 0.0387, hazard ratio ¼ 1.347, 95% CI 1.016-1.786, Table 5 ). The unadjusted reoperation rate was significantly higher after laminoplasty or laminectomy with posterior fusion than after discectomy or corpectomy with anterior fusion (Table 4) . Sex, presence of diabetes, and associated comorbidities were detected to be significant confounding factors by Cox regression analysis (Table 4 ). The adjusted reoperation rate was still significantly higher after laminectomy with posterior fusion than after discectomy or corpectomy with anterior fusion (laminectomy with posterior fusion: P < 0.0001, hazard ratio ¼ 5.622, 95% CI 3.528-8.959, Table 4 , Figure 3 ). Sex, presence of diabetes, and having associated comorbidities were all risk factors for early reoperation (female sex: P < 0.0001, hazard ratio ¼ 0.185, 95% CI 0.090-0.384; diabetes: P < 0.0001, hazard ratio ¼ 3.267, 95% CI 2.137-4.995; comorbidities: P ¼ 0.002, hazard ratio ¼ 1.928, 95% CI 1.271-2.927, Table 5 ).
Late Reoperations (90 Days or Later Than Index
Procedure)
The unadjusted reoperation rate was significantly higher after laminectomy with posterior fusion or laminoplasty than after discectomy or corpectomy with anterior fusion (Table 4) . Sex, presence of diabetes, associated comorbidities, and hospital types were detected to be significant confounding factors by Cox regression analysis ( Table 4 ). The adjusted reoperation rate was still significantly higher after laminectomy with posterior fusion or laminoplasty than after discectomy or corpectomy with anterior fusion (laminectomy with posterior fusion: P < 0.0001, hazard ratio ¼ 4.226, 95% CI 2.956-6.041; laminoplasty: P < 0.0001, hazard ratio ¼ 2.812, 95% CI 1.780-4.442, Table 5 , Figure 4 ). Sex was a risk factor for late reoperation (female sex: P ¼ 0.0015, hazard ratio ¼ 0.600, 95% CI 0.438-0.822, Table 5 ).
DISCUSSION
There have been rare population-based studies analyzing the differences between reoperation rates of different surgical procedures for the degenerative cervical spine. We analyzed patients from a national population of patients with the diagnosis of cervical spondylotic radiculopathy or myelopathy and evaluated rates of reoperation over time after anterior discectomy or corpectomy with fusion versus posterior laminectomy with fusion versus laminoplasty. Overall, reoperation rates were higher after laminoplasty and laminectomy with posterior fusion than after anterior cervical discectomy or corpectomy and fusion. Male sex was a risk factor for reoperation in the early and late postoperative periods, whereas the presence of diabetes and having associated comorbidities correlated to early reoperation.
King et al 10 analyzed the Washington State Inpatient Database and found that the reoperation rates after surgery for degenerative cervical disease from 1998 to 2012 was 5.6%. They found that reoperation rates were lower in females and those patients undergoing anterior surgery and fusion surgery, which are in accordance with our results. 10 They also found higher reoperation rates in patients younger than 50 years old compared with those older than 70 years old, and higher reoperation rates for patients with the diagnosis of myelopathy. 10 Surgical procedures analyses were ambiguous because they simply classified them into the presence of fusion and the direction of surgical approach (ventral or dorsal). 10 They did not evaluate the presence of comorbidities or the number of levels operated on or their interaction with surgical procedures to influence the reoperation rates. 10 In additon, they did not compare the differences between reoperation rates in the early and late periods. 10 Adogwa et al 11 evaluated reoperation rates of cervical procedures using the MarketScan Database from 2000 to 2009. They found that the reoperation rate of cervical laminectomy with fusion and cervical laminoplasty over 2-year follow up was 9.77% and 7.36%, respectively.
11
This difference was not statistically significant. 11 Although this serves as an interesting comparison between posterior procedures, they could not evaluate the difference between anterior and posterior procedures because of exclusion of patients who underwent anterior cervical surgical procedures. Further, this study did not delve into the risk factors for reoperation. Wang et al 19 also performed a population analysis of patients with degenerative cervical disease. The authors used the National Impatient Sample Database of the United States to evaluate complication rates of surgery from 1992 to 2001. As in our study, lower complication rates were observed in anterior cervical procedures. Patients with the diagnosis of myelopathy, and patients younger than 34-years old compared with those older than 75-years old had higher complication rates. 19 However, they did not evaluate the reoperation rates.
The number of operated cervical disc levels was not a risk factor in the current study. Similar to the current study, Hilibrand et al 20 found the patients who had a multilevel cervical arthrodesis were less likely to have symptomatic adjacent segmental disease than were those who had had a single-level arthrodesis. Reoperation rates were higher with laminoplasty, laminectomy, and posterior fusion than after anterior cervical discectomy or corpectomy and fusion in the current study. It may be that posterior cervical surgeries might have more surgery-related complications leading to reoperations, such as postoperative wound infection or hardware failure of rod-screw system than anterior cervical surgeries. Given clinical scenarios in which either anterior or posterior approaches can be utilized, risk of reoperation can be another variable to consider in surgical planning and patient education.
As with any study, our investigation has several limitations. Clinical information about pain, quality of life, function, and neurologic status was not available in this administrative dataset. 10 Therefore, reoperation cannot be attributed solely to poor initial surgical outcome. Radiologic information and level of complexity of surgeries were also not available; these restrictions are inherent to administrative databases. 21 However, our large sample size of our cohort allows for estimation of average reoperation rates that are generalizable to the entire population. In addition, the fee-for-service reimbursement system in Korea may Figure 2 . Adjusted cumulative reoperation rate of surgical procedures during the entire follow-up period. The adjusted reoperation rate was significantly higher after laminectomy with posterior fusion or laminoplasty than after anterior cervical discectomy or corpectomy and fusion.
contribute to the high incidence of comorbidities in our cohort, as the presence of any comorbidity needs to be listed when submitting claims for insurance-covered medical fees to HIRA. 6 We have also excluded the patients who died during follow-up period; this might reduce the reported reoperation rates because mortality associated with surgery for degenerative cervical disease was 0.14%. 19 Another limitation is that this was a population study of Koreans operated on by Korean surgeons and it may not be generalizable to other countries or regions. However, the Korean healthcare system is a modern one using the latest surgical techniques that are not appreciably different than those utilized in most first world countries. In addition, the diagnoses of degenerative cervical spondylotic radiculopathy and myelopathy may be risk factors for reoperations. Unfortunately, we could not perform the statistical analysis in the current study because of the limited number of reoperations in the subgroups. We are going to evaluate diagnosis as a risk factor for reoperation in the next study. In addition, smoking is a well-known risk factor for reoperation. However, the current national administrative database did not have information about smoking. Despite these limitations this study, to the best of our knowledge, represents the first population-based analysis of the reoperation rates after degenerative cervical spine surgeries according to different specific surgical procedures such as anterior discectomy or corpectomy with fusion, posterior laminectomy with fusion, and laminoplasty.
In conclusion, reoperation rates were higher after laminectomy with posterior fusion or laminoplasty than after anterior cervical discectomy or corpectomy and fusion for cervical spondylotic radiculopathy or myelopathy in the national population of patients in both the early and late periods.
Key Points
Because of the low incidence of reoperation, many clinical studies are likely underpowered to detect significant differences between different cervical surgical procedures. National population-based studies have evolved to overcome this challenge of insufficient sample size. None have compared reoperation rates for common surgical procedures performed on the degenerative cervical spine such as anterior cervical fusion after discectomy or corpectomy, posterior laminectomy with fusion, and laminoplasty in a national population-based studies.
In a national population-based cohort study, the reoperation rate was higher after laminectomy with posterior fusion or laminoplasty than after discectomy or corpectomy with anterior fusion. Adjusted cumulative reoperation rate of surgical procedures !90 days after index operation. The adjusted reoperation rate was significantly higher after laminectomy with posterior fusion or laminoplasty than after anterior cervical discectomy or corpectomy and fusion ! 90 days after index operation.
